Eighteen of 388 patients with chronic bundle branch block, studied electrophysiologically and followed prospectively, had H-V intervals of 80 msec or greater. Five patients were functional class 1, five class II, seven class III, and one class IV. Follow-up ranged from 103 to 1919 days (mean 711 ± 118). Three patients needed permanent pacing for the following indications: sino-atrial block, sinus bradycardia post-cardiac surgery, and 2°block distal to the His bundle. Six patients died, three suddenly, and three nonsudden. The five initially asymptomatic IN PATIENTS with bundle branch block (or bifascicular block), H-V interval reflects conduction time in the distal His bundle and remaining functioning bundle branch (or fascicle).' Prolonged H-V interval should thus reflect the presence of conduction disease in the His bundle and/or remaining functioning portion of the trifascicular conduction system.2 Theoretically, patients with bundle branch block and prolonged H-V should be at risk for progression of conduction disease. Despite this theoretical risk, we recently reported no significant difference in the short-term follow-up of bifascicular block patients with normal and prolonged H-V intervals.3 Several recent reports have suggested that marked H-V prolongation in patients with bundle branch block is associated with high risk of A-V block and/or sudden death.4 Specifically, Scheinman et al.,5 in a preliminary report demonstrated an 18% incidence of heart block in 39 patients with bundle branch block and H-V intervals greater than 75 msec followed for a mean period of 15 ± 11 months. Narula and co-workers7 reported an 80% mortality over 1.3 years in patients with right bundle branch block, left axis deviation, and H-V intervals of 65 msec or greater.
IN PATIENTS with bundle branch block (or bifascicular block), H-V interval reflects conduction time in the distal His bundle and remaining functioning bundle branch (or fascicle).' Prolonged H-V interval should thus reflect the presence of conduction disease in the His bundle and/or remaining functioning portion of the trifascicular conduction system.2 Theoretically, patients with bundle branch block and prolonged H-V should be at risk for progression of conduction disease. Despite this theoretical risk, we recently reported no significant difference in the short-term follow-up of bifascicular block patients with normal and prolonged H-V intervals. 3 Several recent reports have suggested that marked H-V prolongation in patients with bundle branch block is associated with high risk of A-V block and/or sudden death.4 Specifically, Scheinman et al.,5 in a preliminary report demonstrated an 18% incidence of heart block in 39 patients with bundle branch block and H-V intervals greater than 75 msec followed for a mean period of 15 ± 11 months. Narula and co-workers7 reported an 80% mortality over 1.3 years in patients with right bundle branch block, left axis deviation, and H-V intervals of 65 msec or greater.
Because of these recent reports, we have analyzed our total experience in patients with chronic bundle branch block and marked H-V prolongation (H-V intervals of 80 msec or greater). In this report, we describe the clinical, electrocardiographic, and electrophysiological features of this group of patients, as well as short-term clinical course, as determined by prospective follow-up. patients are alive and without pacemakers (mean follow-up 732 ± 139 days).
Although marked H-V prolongation was associated with high morbidity and mortality in this small series, this was only in patients with symptomatic heart disease. Asymptomatic patients (five patients) had a benign clinical course. Prophylactic pacing would probably not modify clinical course in the former group, and is probably not indicated in the latter group. Longer follow-up will be needed for definitive prognostication. our conduction disease clinics (Cook County Hospital, West Side Veterans Administration Hospital, and the University of Illinois Hospital). These patients were detected through screening of all inpatient and outpatient electrocardiograms in the three hospitals by members of the respective cardiology departments for the presence of conduction disease. In addition, a few patients were referred to us by outside physicians for electrophysiological studies. The majority of patients were asymptomatic at the time of initial evaluation.
Criteria for inclusion in this prospective study of intraventricular conduction defects included the following:3' 8-12 1) presence of chronic established bundle branch block with intact A-V conduction, 2) signing of informed consent form, and performance of electrophysiological studies, 3) absence of prior second or third degree A-V block. Of these 388 patients, 18 had H-V intervals of 80 msec or greater ( fig. 1 ). These 18 were detected between January 1970 and July 1975, were followed through September 1975, and are the subject of the present report.
Initial Evaluation
Initial evaluation included history, physical examination, chest X-ray, and routine laboratory testing. A clinical diagnosis was established in each patient.3 Patients with normal heart size on chest roentgenogram and without signs or symptoms of organic heart disease were diagnosed as having primary conduction disease.
His bundle electrograms were recorded in all patients at the time of their entry into the study, using previously described catheter techniques.'3 Cardiac drugs were withheld for 48-72 hours before study. The following intervals were measured:'3 P-A, a measure of intra-atrial conduction (normal mean ± 2 SD, 27 ± 18 msec), A-H, a measure of A-V nodal conduction (normal 92 ± 38 msec), and H-V, a measure of conduction time in the His-Purkinje system (normal 43 ± 12 msec). Measurements were made at a paper speed of 200 mm/sec and reflect the mean of ten consecutive sinus beats. Atrial pacing was performed in 15 of the patients at increasing heart rates for validation of His potentials and for demonstration of latent conduction defects. Sinus node recovery time was measured, utilizing sudden cessation of atrial pacing at a rate of 130/min (normal 1680 This consisted of periodic visits of patients at one to three month intervals in a conduction clinic and included a history, physical examination, and electrocardiogram. When transient bradyarrhythmias were suspected by history, prolonged inpatient and/or outpatient electrocardiographic monitoring was attempted for documentation. Permanent pacemakers were implanted in patients with documented symptomatic bradyarrhythmia.
All deaths were thoroughly investigated and classified as sudden or nonsudden. Sudden death was defined as unexpected death due to natural causes occurring within 24 hours of acute symptoms, or within 24 hours of being seen alive without symptoms. Autopsies were performed in two patients (one with sudden and the other with nonsudden death).
Information obtained during initial evaluation and sub- follow-up was key-punched and stored on database system computer discs. Specially designed computer programs were utilized for data recall and detailed statistical analysis.
Results
Clinical Data (Table 1) There were 12 males and six females with ages ranging from 41 to 79 years (mean ± SEM, 62 ± 2.5 yr). Cardiovascular diagnoses in these patients were as follows: arteriosclerotic heart disease in nine patients, primary myocardial disease in five (one with myotonia dystrophica), hypertensive cardiovascular disease in two, primary conduction disease in one, and valvular heart disease in one.
Congestive heart failure was present in 12 patients (66%). Cardiomegaly on chest X-ray was present in 13 patients (72%). Five of the 18 patients (28%) were in cardiac functional class I (New York Heart Association), five (28%) were in functional class II, seven (39%) were in class III and one (5%) was in functional class IV. PMD  III  ASHD  I  ASHD  III  ASHD  II  PMD (MD) I  HCVD  IV  HCVD  I  ASHD  I  ASHD  III  ASHD  II  PMD  III  PMD  III  ASHD  II  ASHD  II  PMD  III  ASHD  III  AS  II   CHF (Table 1) Left bundle branch block was present in 11 (61%) patients and right bundle branch block in seven patients (39%). Of the patients with right bundle branch block, five had left anterior hemiblock and two left posterior hemiblock. All patients were in sinus rhythm. P-R intervals ranged from 0.16 to 0.34 seconds (mean ± SEM, 0.24 ± 0.01 sec), and were prolonged (greater than 0.20 sec) in 16 of 18 patients (88%). The QRS duration in patients with left bundle branch block ranged from 0.14 to 0.20 seconds (mean 0.16 ± 0.01) and in patients with right bundle branch block from 0.12 to 0.18 seconds (mean 0.15 ± 0.01). The frontal QRS axis in patients with right bundle branch block and left anterior hemiblock ranged from -450 to -1200 (mean -80°± 12.3). Axes in the two patients with right bundle branch block and left posterior hemiblock were + 1200 and + 1450.
Electrophysiologic Findings
Conduction intervals and other electrophysiological measurements are presented in table 2. P-A intervals ranged from 15 to 54 msec with a mean of 32 ± 2.9 msec. P-A was prolonged in four (22%) patients. A-H intervals ranged from 55 to 257 msec (mean 120 ± 10.6 msec) and were prolonged in three (17%) patients. H-V intervals ranged from 80 to 125 msec with a mean of 89 ± 2.7 msec.
Atrial effective refractory periods were measured in 11 patients. These ranged from 210 to 400 msec (mean 290 ± 20.6 msec), and were prolonged (>350 msec) in three. A-V nodal effective refractory periods determined in four patients ranged from 350 to 440 msec (mean 392 ± 20.2 msec) and were prolonged (>400 msec) in two. The effective refractory period of the ventricular specialized conduction system could only be measured in one patient, and was 560 msec.
Follow-up Data
The follow-up period ranged from 103 to 1919 days (mean 711 ± 118 days). Two of the patients (1 1%) developed syncope during follow-up. The probable cause of syncope was intermittent sino-atrial block in one (patient 5, day 3 of follow-up) and ventricular tachycardia in the other (day 103). One of the patients (patient 17) developed second degree and advanced A-V block (distal to the His bundle) on the 406th day of follow-up. No other patient developed documented A-V block.
Permanent pacemakers were implanted in patients 5 and 17, described above. Permanent pacing was also required in one other patient (patient 18) for persistent sinus bradycardia following aortic valve replacement. One of these three pacemaker patients (patient 17) died of congestive cardiac failure on day 1299.
Six of 18 patients (33%) died during follow-up. In three, the death was not sudden, one dying of bronchopneumonia (day 215), and the other two of chronic congestive heart failure (days 567 and 1299). Death was sudden in the other three patients (days 103, 120, and 202 respectively). Autopsy performed in one of these revealed acute anteroseptal myocardial infarction. Five of the six patients dying during follow-up had left bundle branch block. (Table 3) Of the thirteen patients who were initially symptomatic (symptoms of angina pectoris and/or dyspnea), three (23%) needed pacemakers, and six (46%) died during follow-up. These patients had been followed from 103 to 1919 days (mean 703 ± 158 days). In contrast, major morbidity and mortality were not noted in the five class I patients, who were followed from 375 to 1080 days (mean 732 ± 139 days).
Comparison of Asymptomatic (Class I) and Symptomatic Patients

Discussion
Patients with bundle branch block may be at risk for development of heart block, Adams-Stokes attacks, and sudden death. It has been suggested that mortality and risk of heart block in patients with bundle branch block relate to the magnitude of H-V prolongation.4 Scheinman and co-workers4 reported seven patients with chronic bundle branch block, H-V intervals of 80 msec or greater and transient neurological symptoms. Six of these patients had documented complete A-V block on initial admitting electrocardiogram or within one to three days after study. It was suggested that patients with chronic bundle branch block, marked H-V prolongation and transient neurological symptoms should be treated with permanent pacemaker implantation. In a recent abstract, Scheinman reported 39 patients with chronic bundle branch block and H-V intervals of greater than 75 msec, with a mean follow-up period of 15 ± 11 months.' Advanced or complete A-V block developed in seven patients and thirteen died (five suddenly). Detailed data concerning clinical, electrocardiographic and electrophysiological features, and the circumstances of occurrence of heart block were not described. Also, it was not specified whether the patients reported in the previous study4 were included.5 Vera and co-workers, in an abstract, reported a retrospective study of 14 patients with bundle branch block, transient neurological symptoms and 20 and 3°A-V block, 12 of whom had markedly prolonged H-V intervals (> 65 msec) during 1:1 conduction.6 Narula and associates reported ten patients with right bundle branch block and left axis deviation with H-V intervals of 65 msec or greater, followed for one to six years. Eight patients died over a period of 1.32 years, with a yearly mortality rate of 61%. However, causes of death, incidence of progression to A-V block and mean follow-up period in these ten patients were not presented, and criteria for initial selection were not defined in detail. Both Vera et al. and Narula et al. suggested that asymptomatic patients with chronic bundle branch block and markedly prolonged H-V intervals (greater than 70 msec) be considered for prophylactic permanent pacing.
The present study is prospective, and limited to patients with bundle branch block without prior A-V block. H-V intervals of 80 msec or greater were infrequent in our patients, the incidence being 5% (18 of 388 patients). Documented progression of conduction disease was an uncommon occurrence. Advanced A-V block developed in only one of the 18 patients (6%) over a mean follow-up period of approximately two years. The total mortality in our patients was 33%, as opposed to the 80% mortality reported by Narula et al.7 Congestive cardiac failure was a common cause of death in the present series, reflecting the severity of heart disease in our patients. Of interest was the fact that five of the six patients dying during follow-up had left bundle branch block. This observation is in keeping with the association of left bundle branch block with severe organic heart disease. '8 The clinical profile of our patients with markedly prolonged H-V interval and chronic bundle branch block revealed several interesting features. Arteriosclerotic heart disease was the most frequent identifiable etiology in the present series, being present in half of the cases (9 of 18 patients). We would postulate significant widespread ischemic lesions comprising both the conduction system and the working myocardium. Congestive cardiac failure was prevalent in our patients, being present in 66% of the cases (12 of 18 patients). Syncope was an uncommon finding, occurring in only two of the patients. The cause of syncope in both did not appear to relate directly to bilateral bundle branch disease.9 Of interest was the fact that all five of the initially asymptomatic class I patients have remained symptom-free throughout the follow-up period. All are presently alive and well without prophylactic pacemakers.
There are several possible explanations for the low incidence of progressive bilateral bundle branch disease in the present series of patients with marked H-V prolongation, when compared to previous series.4 These would include the following: 1) Our series excluded patients with A-V block at or prior to study, and thus excluded patients with manifest bilateral bundle branch disease. In contrast, previous series4' 7 included such patients. Since bundle 603 branch block patients with manifest bilateral bundle branch disease (A-V block at the time of initial evaluation) are likely to have marked H-V prolongation, any series utilizing such patients will have a higher incidence of A-V block in patients with marked H-V prolongation. These series are not comparable to the present series. 2) Some of the previous series were retrospective.', 7 The present series was prospective, and designed to test whether H-V interval was a useful predictor of future clinical course. 3) Mean age in the present series was 62 years, as opposed to 66 years in Schienman's series, and 71 in Narula's series. If duration of prolonged H-V relates to risk of heart block, it is possible that series with older patients contain subjects with prolonged H-V for greater time intervals, and thus have a higher incidence of block.
Clinical Implications
The incidence of marked H-V prolongation (80 msec or greater) in patients with chronic bundle branch block is relatively low. The presence of marked H-V prolongation was associated with high morbidity and mortality, but only in patients with symptomatic heart disease. Prophylactic pacing would probably not modify the clinical course of these patients, since the risk of advanced A-V block was low and associated organic heart disease was the dominant clinical feature. Asymptomatic patients with bundle branch block and marked H-V prolongation had a uniformly benign clinical course. Prophylactic pacemaker implantation may not appear indicated in this group of patients, because of low morbidity. It is important to point out that only a small percentage of our patients with chronic bundle branch block and marked H-V prolongation were symptom free. The conclusions regarding benign prognosis in this group are thus based upon a small series of cases with a relatively short follow-up period. A longer follow-up with a larger number of asymptomatic patients will be needed for definitive prognostication of patients with marked H-V prolongation.
